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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a magnetic 
plating film having uniform composition preventing the 
turbidity of a plating solution, since the composition of 
the magnetic plating solution cannot be controlled due to 
the impossibility of precise measurement of the turbid 
plating solution by a spectrophotometer, when the 
plating solution containing much iron is used for 
manufacturing the magnetic plating film having a high 
saturated magnetic flux density and a high specific 
resistance to be used for a thin film magnetic head, etc- 
SOLUTION: A turbidity preventive is added to a plating 
solution when the plating solution containing Fe within a 
range of 1.0-2.8 (g/L) or nickel and Fe in the metallic ion 
ratio within a range of 4-14 is used to form the magnetic 
plating film. Through these procedures, the transparency 
of the plating solution is sustained for preventing the 
production of a turbid matter so that the composition of 
the plating solution may be controlled at a specific value, 
thereby enabling the magnetic plating film having uniform 
composition to be formed. 
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♦ NOTICES* 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The metal ion ratio of nickel and iron = (nickel/iron) magnetic plating film which is 
magnetic plating film of the permalloy formed using the plating liquid which is within the limits of 
4-14, and is characterized by containing the range of nickel =35-60 (wt%) and iron =65-40 (wt%), 
and not including the turbidity object in plating liquid by adding a turbidity inhibitor in said plating 
liquid. 

[Claim 2] Magnetic plating film which is magnetic plating film according to claim 1, and is 
characterized by adding and forming at least one or more kinds of components among cobalt, 
chromium, copper, and molybdenum at said plating liquid. 

[Claim 3] Magnetic plating film which is magnetic plating film given in either of claims 1 or 2, and 
is characterized by said plating liquid containing iron in 1 .0-2.8 (g/L). 
[Claim 4] The metal ion ratio of nickel and iron = (nickel/iron) The amount of the plating 
component reduced by formation of the magnetic plating film is measured with a 
spectrophotometer using the plating liquid for forming the magnetic plating film which is within 
the limits of 4-14. The plating approach of the magnetic plating film characterized by a 
presentation forming the magnetic fixed plating film excluding a turbidity object by adding a 
turbidity inhibitor in said plating liquid, and maintaining the transparency of plating liquid in the 
plating approach of the magnetic plating film of filling up the plating component equivalent to the 
reduced amount. 

[Claim 5] The plating approach of the magnetic plating film characterized by adding the organic 
compound which is water solubility and controls oxidation of the iron in plating liquid as a 
turbidity inhibitor in the plating liquid for forming the magnetic plating film of a permalloy, 
excluding a metal ion. 

[Claim 6] said plating approach given in either of claims 4 or 5 — the plating approach of the 
magnetic plating film characterized by being and using at least one or more of the ascorbic acid 
which has water solubility, protocatechuic-acid ester, propyl gallate, gallic-acid ethyl, a citric 
acid, an ascorbic-acid system compound, a protocatechuic-acid system compound, a gallic-acid 
system compound, and citric-acid system compounds as said turbidity inhibitor added in plating 
liquid. 

[Claim 7] While preventing turbidity to either of claims 4 or 5, using an ascorbic acid, a citric acid 
or an ascorbic acid, and a citric acid as a turbidity inhibitor added in said plating liquid of a 
publication When PH of plating liquid is in an acidity side from a desired value, a water solution 
adds the sodium citrate which shows alkalescence, and PH of plating liquid is adjusted. It is the 
plating approach of the magnetic plating film which adds a hydrochloric acid or a sulfuric acid and 
is characterized by the thing of plating liquid to do for PH adjustment when PH is in an alkali side 
from a desired value. 

[Claim 8] The plating approach of the magnetic plating film characterized by carrying out 0.5-20 
(g/L) addition of the ascorbic acid as said turbidity inhibitor of a publication at either of claims 4 
or 5. 
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1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the magnetic plating film which constitutes the 
magnetic pole or shielding of the head for record especially, and its plating approach about the 
magnetic plating film which constitutes the MR head used for magnetic recording media, such as 
a hard disk, and a thin film head. 
[0002] 

[Description of the Prior Art] In recent years, high coercive force and the magnetic head 
corresponding to the record medium of high density are called for more with the large capacity 
of the magnetic recording medium represented with a hard disk drive unit etc., and the request 
of a miniaturization. It was based on such needs and the structure of the magnetic head has 
shifted to the thin film head and the magneto-resistive effect mold magnetic head (an MR head 
is called hereafter) which use the thin film of the magnetic substance as a magnetic pole from 
the MIG head which uses the magnetic core of a ferrite. 

[0003] The magnetic plating film which formed the magnetic substance excellent in soft magnetic 
characteristics, such as a permalloy containing many nickel, in the thin film by electroplating 
(plating is called hereafter) is used for the magnetic pole which constitutes the magnetic circuit 
of a thin film head or an MR head. When forming the thin film of several micron order, plating is 
used as the film production approach, because a film can be produced in a short time compared 
with a spatter etc. Even if it compares the plating film with the spatter film, it can acquire 
sufficient magnetic properties. 

[0004] Generally, in nickel, 20 to 15 (wt%) extent is contained on the magnetic plating film used 
as the magnetic pole of a thin film head and an MR head, and the permalloy film of saturation- 
magnetic-flux-density Bs=0.95(T) and rho= electrical resistivity 22 (muomega and cm) extent is 
used [ iron / 80-85 (wt%), and ] for it. Moreover, as for the presentation of the plating liquid 
which obtains this magnetic plating film, the thing of nickel / iron =25-50, or 0.3 to iron =0.5 
(g/L) extent is used by the metal ion ratio of nickel and iron. 
[0005] 

[Problem(s) to be Solved by the Invention] With improvement in track recording density and the 
recording density of the truck cross direction, the coercive force of a record medium increases 
and the record frequency is also RF-ized further. For this reason, the magnetic pole is asked for 
their being high saturation magnetic flux density and high specific resistance more for reduction 
of the eddy current loss depending on increase and the record frequency of a record field. As a 
starting magnetic pole, the permalloy film which made [ many ] the iron ratio is suitable. It is the 
presentation which specifically contains nickel 35-60 (wt%) and iron 65-40 (wt%), and the 
permalloy film which has the property of saturation-magnetic-flux-density Bs=1.6(T) and rho= 
electrical resistivity 55 (muomega and cm) extent is suitable. Here, the iron ratio will be carried 
out to to 65 (wt%) for it becoming difficult to maintain face centered cubic structure, and soft 
magnetic characteristics deteriorating, if the ratio of nickel is made under into 35 (wt%). 
[0006] In order to form such permalloy film by plating, it is necessary to use the plating liquid 
which has a lot of iron ion compared with the permalloy of the conventional high nickel content. 
That is, it is possible to use the permalloy plating liquid of nickel / iron =4-14, or 1.0 to iron =2.8 
(g/L) extent by the metal ion ratio of nickel and iron. A metal ion ratio shows the ratio of the 
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amount (g/L) of nickel added in'plating liquid, and iron quantity (g/L) here. Moreover, a unit (g/L) 
shall say the number of grams of the metal contained in per 11. of plating liquid. The relation of 
the nickel presentation in the magnetic plating film to the iron quantity in the plating liquid at the 
time of changing iron quantity and galvanizing by current density 10 (mA/cm2) and PH2.9 is 
shown using the amount of nickel in plating liquid as 1 3.5 (g/L) at drawing 9 . In the presentation 
of this magnetic plating film, at the time of nickel =35 (wt%), when the iron quantity in plating 
liquid was 2.8 (g/L) and nickel =60 (wt%) f the iron quantity in plating liquid was 1.0 (g/L). 
Therefore, the number ratios of metal ions of nickel and iron equivalent to this range are nickel / 
about iron =4-14. 

[0007] However, when iron ion concentration in plating liquid was made high, the problem that 
plating liquid became muddy and transparency fell generated iron ion in order to receive the 
oxidation from a hydroxyl group, the oxygen in air, etc. Furthermore, transparency falls further as 
it goes through time amount, after preparing plating liquid. Turbidity of plating liquid generated 
the problem to which it becomes difficult to measure the nickel ion concentration of plating liquid 
correctly with a spectrophotometer. 

[0008] The property of the plating liquid permeability by measurement elapsed time is shown in 
d£awingJ5 . Moreover, the nickel analysis value of the appearance at the time of surveying this 
plating liquid with a spectrophotometer to drawing 6 is shown, this plating liquid — nickel =13.5 
(g/L) — as fixed — iron = — it is the case of 0.4 or 1.8 (g/L). Iron = although the plating liquid 
of 0.4 (g/L) does not almost have change of the permeability of plating liquid, the plating liquid of 
iron =1.8 (g/L) shows turbidity with time amount, and the permeability of plating liquid falls. Since 
the magnetic plating film is not formed in this measurement, the nickel and iron quantity in 
plating liquid do not change. When it measures with a spectrophotometer, an apparent nickel 
analysis value increases and it stops however, showing the amount of right nickel with the plating 
liquid with which iron =1.8 (g/L) became muddy. On the other hand, since there is no plating 
liquid of iron =0.4 (g/L), as for change of the permeability of plating liquid, a nickel analysis value 
is hardly changing, either. That is, it turns out that there is no difference in an apparent nickel 
analysis value and a true nickel analysis value. 

[0009] The amount of the iron in conventional plating liquid and the relation of plating liquid 
permeability are shown in drawing 7 . Moreover, the amount of the iron in conventional plating 
liquid and the relation of an apparent nickel analysis value are shown in drawing 8 . drawing 7 and 
dr.3yy_L0g._8 — the nickel in plating liquid — 13.5 (g/L) — the turbidity degree of plating liquid to 
the amount of the iron in plating liquid when presupposing that it is fixed, carrying out 0-3 (g/L) 
addition of the iron, and leaving plating liquid in air at a room temperature for 20 hours was 
investigated. When the amount of the iron in plating liquid exceeds abbreviation 1.0 (g/L), it turns 
out that turbidity of plating liquid tends to take place. 

[0010] In order to form the magnetic plating film of a fixed presentation, it is necessary to carry 
out the presentation of plating liquid to regularity. When plating liquid becomes muddy and 
measurement of the plating liquid presentation by the spectrophotometer becomes difficult, it 
becomes impossible to control uniformly the presentation of the plating liquid changed by 
formation of the magnetic plating film, and it becomes impossible that is, for a presentation to 
form the uniform magnetic plating film. 

[001 1] Detection of a plating liquid presentation becomes difficult by turbidity, and it becomes 
impossible moreover, for the plating equipment which performs automatically actuation which 
detects the presentation of plating liquid using a spectrophotometer, fills up the ion component 
which became insufficient, and carries out the presentation of plating liquid to regularity to fill up 
an ion component correctly. Then, the purpose of this invention prevents turbidity of the plating 
liquid to apply, and offers the magnetic plating film with a fixed presentation excluding a turbidity 
object. 
[0012] 

[Means for Solving the Problem] It is characterized by this invention obtaining the magnetic 
plating film with a fixed presentation in the plating of magnetic plating film, such as a permalloy, 
by containing 35-60 (wt%), and iron for nickel in 65-40 (wt%) by adding a turbidity inhibitor in the 
plating liquid which is within the limits of =(nickel/iron)4-14 in the metal ion ratio of nickel and 
iron. Moreover, it is characterized by adding at least one or more kinds in cobalt, chromium, 
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copper, and molybdenum' in said plating liquid, and forming said magnetic plating film. Moreover, it 
is characterized by the plating liquid of said presentation containing iron in 1.0-2.8 (g/L). 
[0013] The plating liquid for forming magnetic plating film, such as a permalloy whose metal ion 
ratio of nickel and iron is within the limits of =(nickel/iron)4-14, is used for this invention. In the 
plating approach which measures with a spectrophotometer the amount of the plating component 
reduced by formation of the magnetic plating film, fills up said plating component to reduce, and 
controls the presentation of plating liquid A presentation is characterized by forming the 
magnetic fixed plating film by adding a turbidity inhibitor in said plating liquid, and maintaining the 
transparency of plating liquid. Moreover, it is characterized by adding at least one or more kinds 
in cobalt, chromium, copper, and molybdenum in said plating liquid, and forming said magnetic 
plating film. Moreover, it is characterized by the plating liquid of said presentation containing iron 
in 1.0-2.8 (g/L). 

[0014] It is characterized by this invention using the organic compound which is water solubility 
and controls oxidation of the iron in plating liquid as a turbidity inhibitor added in plating liquid, 
excluding a metal ion in the plating of magnetic plating film, such as a permalloy. With moreover, 
the metal ion ratio of the plating liquid with which said plating liquid contains iron in 1.0-2.8 (g/L) 
or nickel, and iron = (nickel/iron) it is characterized by being within the limits of 4-14. 
[0015] This invention is characterized by using at least one or more of the ascorbic acid which 
has water solubility as said turbidity inhibitor, protocatechuic-acid ester, propyl gallate, gallic- 
acid ethyl, a citric acid, an ascorbic-acid system compound, a protocatechuic-acid system 
compound, a gallic-acid system compound, and citric-acid system compounds. Moreover, it is 
characterized by carrying out 0.5-20 (g/L) addition of the ascorbic acid as said turbidity inhibitor. 

[0016] It is characterized by for this invention adding a hydrochloric acid or a sulfuric acid, and 
making it desired PH value, when the sodium citrate a water solution indicates alkalescence to 
be when PH of plating liquid is in an acidity side from a desired value, using an ascorbic acid, a 
citric acid or an ascorbic acid, and a citric acid as said turbidity inhibitor, while preventing 
turbidity is added, it adjusts to the value of a request of PH of plating liquid and PH is in an alkali 
side from a desired value. 

[001 7] An operation of this invention is described below. The plating liquid which made iron ion 
concentration high becomes muddy for the iron ion in plating liquid reacting with the oxygen in 
air, or reacting with other components in plating liquid, and generating a minute turbidity object. 
So, it is necessary first to control the reaction of iron ion, i.e., the operation which prevents 
oxidation, for the turbidity inhibitor added in plating liquid. 

[0018] The following properties are required in order to use for a turbidity inhibitor further at 
plating. That is, in order to make it act on (1) ion, it is desirable to fulfill conditions, such as to 
constitute the ion or complex which tends to be incorporated by that it is water solubility, that 
the (2) turbidity inhibitor itself does not reduce the transparency of plating liquid, and (3) 
magnetism plating film, and not to change the presentation of the magnetic plating film. Magnetic 
plating film, such as a permalloy, can be formed without reducing transparency, even if iron ion 
concentration is high by adding organic compounds, such as an ascorbic acid which fulfills these 
conditions, in plating liquid. Furthermore, the magnetic plating film which uses a 
spectrophotometer, measures and controls the presentation of plating liquid correctly, and has a 
fixed presentation can be formed. 

[0019] Moreover, a turbidity inhibitor may serve as functions, such as shock absorbing material 
which adjusts PH of plating liquid, at the same time it controls turbidity of plating liquid. 
[0020] 

[Embodiment of the Invention] 

(Example 1) The nickel analysis value of the appearance of this plating liquid is shown for the 
plating liquid permeability by the addition of an ascorbic acid in drawing 1 at drawing 2 . nickel 
=13.5 (g/L) in plating liquid — as fixed, the ascorbic acid was changed to 0.4 or the plating liquid 
which carried out 1.8 (g/L) addition and passed for 5 hours to 20 (g/L), and iron was added. 
Ascorbic acid = since the plating liquid of iron =0.4 (g/L) does not become muddy in the case of 
0 (g/L), change does not take place to the permeability of plating liquid, and a nickel analysis 
value. On the other hand, since the plating liquid of iron =1.8 (g/L) has caused turbidity, the 
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permeability of plating liquid is I6w and the apparent nickel analysis value has come out highly. 
When carrying out 0.05 (g/L) addition of the ascorbic acid, there is no turbidity of plating liquid 
and the analysis value of apparent nickel shows an almost normal value. Although the ascorbic 
acid was added to 20 (g/L), change did not take place to permeability and an apparent nickel 
analysis value. Therefore, turbidity of plating liquid can be removed by adding an ascorbic acid 
more than 0.05 (g/L). 

[0021] Furthermore, a plating liquid presentation is set to nickel =13.5 (g/L) and iron =1.8 (g/L) 
at drawing 3 and drawing 4 , an ascorbic acid is added, plating liquid is put into air, and the 
stability of plating liquid is shown. With the plating liquid which carried out ascorbic-acid 0.05-0.5 
(g/L) addition, when the permeability of plating liquid began to fall and 140 hours passed in about 
10 hours, it became an additive-free case and the same value. With the plating liquid which 
carried out 1-20 (g/L) addition of the ascorbic acid, it turns out that it is not changeful to the 
permeability of plating liquid, and an apparent nickel analysis value even if 140 hours pass. 
Therefore, turbidity prevention of the long duration of plating liquid is possible in an ascorbic acid 
the range of 0.5-20 (g/L), and by adding in 1-20 (g/L) desirably, removing 0.5 (g/L). As 
mentioned above, the component of the plating liquid of this example 1 is shown in Table 1. It is 
indicated in Table 1 as the chemical used for plating liquid, and its amount of mixing. If it mixes at 
this rate, into plating liquid, nickel13.5 (g/L) and Fe1.8 (g/L) will be dissolved. 
[0022] 
[Table 1] 

The amount of chemical name mixing (g/L) 

NiSO4.6H2O16.3NiCI2.6H2O39.9FeSO4.7H2O9.0H3BO325.0 saccharin-sodium 1.5 ascorbic acids 
0.05-20 [0023] (Example 2) The protocatechuic-acid ester, the propyl gallate, the gallic-acid 
ethyl, the citric acid, the protocatechuic-acid system compound, gallic-acid system compound, 
and citric-acid system compound other than an ascorbic acid can be used as a turbidity inhibitor 
of plating liquid. At least one or more may be used together out of these. However, having an 
antioxidizing operation with these organic compounds, since water solubility is not good, the 
organic compound unsuitable for a turbidity inhibitor is excepted. If it is the organic compound on 
which things other than these organic compounds also act as the organic compound equipped 
with an antioxidizing operation by water solubility, the complex which controls oxidation of iron 
ion by water solubility, or ion, it is available as a turbidity inhibitor of this invention. In Table 2, 
although the organic compound which has an antioxidizing function is shown, what is easy to 
melt into water can be used as a turbidity inhibitor. 
[0024] 
[Table 2] 

The propriety ascorbic-acid C6H806 soluble as an organic compound molecular formula water 
solubility turbidity inhibitor Good protocatechuic-acid ester C9H10O4 soluble Good propyl gallate 
C12H1302 soluble Good gallic-acid ethyl C9H1102 soluble Good citric-acid C6H807 soluble 
good isoamyl gallate C12H1702 refractory improper vitamin-E insoluble improper butyl hydroxy 
anisole C1 1H1602 insoluble improper — seasamol C7H603 — refractory improper — quercetin 
C7H603 insoluble improper dibutyl oxy-toluene C15H240 — insoluble improper — 
nordihydroguaiaretic acid C18H2204 — refractory improper guaiac resin — insoluble [improper - 
- 0025] (Example 3) By the plating approach which adds an acid buffer to fluctuation of PH of 
the plating liquid by formation of the plating film, if only an ascorbic acid is put in too much so 
much as a turbidity inhibitor, the acidity of plating liquid will become strong with PHs 2-2.5, and 
desired PH value will no longer be acquired. While preventing turbidity using an ascorbic acid, a 
citric acid or an ascorbic acid, and a citric acid, when PH of plating liquid is in an acidity side 
from a desired value When a water solution adds the sodium citrate which shows alkalescence, 
and adjusts PH of plating liquid and PH has it in an alkali side from a desired value While 
preventing turbidity by adding the amount which adds a hydrochloric acid or a sulfuric acid, and 
adjusts PH of plating liquid, or falls an ascorbic acid within the range of 1-20 (g/L) in the total 
amount in plating liquid, plating liquid can be adjusted to about three PH. 

[0026] (Example 4) In case iron is included in 1 .0-2.8 (g/L) or the metal ion ratio of nickel and 
iron galvanizes the magnetic plating film using the plating liquid presentation for permalloys which 
is within the limits of =(nickel/iron)4-14 The turbidity inhibitor shown in an example 1 thru/or an 
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example 3 is added in plating liquid, the range of nickel =35-60 (wt%) and iron =65-40 (wt%) is 
contained, and a turbidity object is not incorporated, but the magnetic plating film with a fixed 
presentation is obtained. Moreover, magnetic properties may be raised while forming the 
magnetic plating film which does not contain a turbidity object by adding at least one or more 
kinds in cobalt, chromium, copper, and molybdenum in said plating liquid, and forming said 
magnetic plating film. Using the magnetic plating film which has these fixed presentations and 
does not contain a turbidity object, by forming the magnetic pole of a thin film head and an MR 
head, the record field of a magnetic pole is increased and eddy current loss can be reduced. 
[0027] The plating equipment which forms such magnetic plating film is equipped with the tank 
which connects with the plating tub which fixes the wafer which forms the magnetic plating film, 
the spectrophotometer which measures the presentation of plating liquid, the plating liquid supply 
line and exhaust pipe way connected to a plating tub, and the two aforementioned ducts, and is 
made to circulate through plating liquid. Said a part of plating liquid supply line is a transparent 
glass tube, it is combined with a spectrophotometer and said glass tube serves as transparency 
of plating liquid, and a part which measures the amount of nickel and iron. The first container 
which supplies the water solution of first plating liquid component NiS04.6H20 and NiCI2.6H20, 
and the second container which supplies the water solution of second plating liquid component 
FeS04.7H20 are combined with said tank. There is a duct which has the cock who performs and 
stops supply of the second plating liquid component in said first and second container for a start 
to said tank. 

[0028] In above plating equipment, in case the magnetic plating film is formed in a wafer, the 
presentation of plating liquid is correctly measured with a spectrophotometer, the plating 
component reduced by formation of the magnetic plating film is supplied from said first or 
second container, and the presentation of plating liquid is fixed. 

[0029] furthermore, the electromagnetism to which this invention opens and closes the cock of 
the second container with an electrical signal for a start [ said ] — automatic concentration 
accommodation of plating liquid can be performed by transposing to a closing motion valve and 
making said electrical signal transmit from said spectrophotometer, if it corresponds to a suitable 
threshold before falling so that the nickel concentration and iron concentration in plating liquid 
are inadequate for forming the magnetic plating film for which it asks — said electromagnetism — 
- an electrical signal is transmitted to a closing motion valve, and plating liquid is supplemented 
with the said first or second plating liquid component. This supplement is performed within limits 
which return a plating liquid presentation. 
[0030] 

[Effect of the Invention] According to this invention, even if it uses plating liquid with the high 
ratio of iron ion, by controlling the fall of the transparency of plating liquid by the turbidity 
inhibitor, measuring a plating liquid presentation correctly with a spectrophotometer, and holding 
this presentation uniformly, a turbidity object cannot be incorporated but magnetic plating film, 
such as a permalloy which has a fixed presentation, can be formed. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The property of the ascorbic-acid addition by this invention, and plating liquid 
permeability 

[Drawing 2] The property of the ascorbic-acid addition by this invention, and an apparent nickel 
analysis value 

[Drawing 3] The property of measurement elapsed time and plating liquid permeability over an 
ascorbic-acid addition by this invention 

[D raw ing 4] The property of the nickel analysis value of the measurement elapsed time and 
appearance to an ascorbic-acid addition by this invention 

[ Drawing 5] The property of measurement elapsed time and plating liquid permeability over the 
iron quantity in conventional plating liquid 

[Drawing 6] The property of the nickel analysis value of the measurement elapsed time and 
appearance to the iron quantity in conventional plating liquid 

[Drawing 7] The iron quantity in conventional plating liquid, and the property of plating liquid 
permeability 

[Drawin g 8] The iron quantity in conventional plating liquid, and the property of an apparent 
nickel analysis value 

[Drawing 9] The amount of the iron in conventional plating liquid, and the property of the nickel 
analysis value in the plating film 
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